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<£) Organic polymeric material and ion-exchange membrane produced therefrom. 



® A homogeneous blend which comprises from 5 to 95% by weight, preferably at least 40% by weight, of at 
least one fluoropoiymer which contains ion-exchange groups and from 95% to 5% by weight preferably not 
more than 60% by weight of at least one fluoropoiymer which is substantially free of ion-excfiange groups. The 
^homogeneous blend may be produced by melt processing the fluoropolymers and a major application of the 
^homogeneous biend is as an ion-exchange membrane. The presence of the fluoropoiymer substantially free of 
-ion-exchange groups in the homogeneous blend leads to an improvement In physical and mechanical properties 
2 of ion-exchange membrane, and to an improved perfomnance of the membrane in electrolysis, 

m 

00 

e 

Ul 



Xorox Copy C«ntra 




EP 0 34€ 964 A1 




ORGANIC POLYMEHIC MATERIAL AND ION-EXCHANGE MEMBRANE PRODUCED THEREFROM. 

This Invention relates to an organic polymeric materiai and to an ion-excharge membrane produced 
ttierefrom, particularly to an Ion-exchange membrane which Is useful In an electrochemical cell. 

lon-axchange membranes mad© from organic polymeric materials having ior^exchange properties are 
used in a wide variety of applications, and the variety of applicatiorrs of such membranes continues to 

s Increase. Such polymeric materials and membranes may contain fixed anionic groups and associated 
cations and be capable of exchanging cations, or they may contain fixed cationic groups and associated 
anions and thus be capable of exchanging anions, or the polymeric materials and the membranes may 
contain both fixed anionic groups and fixed cationic groups. 

Ion-exchange membranes are useful in separation processes such as reverse osmesis and ultra 

70 filtration. For example, they find wide application in the desalination of sea-water and in the purification of 
brackish water and industrial effluent Ion-exchange membranes are also finding many applications in 
Industry, for example, in the concentration of solutions of, for example, fruit Juices and pharmaceuticals. 

ion-exchange membranes which are essentially hydraullcally impermeable but wiiich are permeable to 
solvated cations or anions, or both, are finding increasing applications in electrochemical cells, for example 

16 in fuel cells, In electrolytic cells in which an electrolyte is electrolysed, and in electrochemical cells In which 
electrosyn thesis is carried out In recent years a major development has been in the use of cation-exchange 
membranes In chlor-alkall cells In which chlorine and aqueous alkali metal hydroxide solution are produced 
by the electrolysis of aqueous alkali metal chloride solution. In such a chlor-alkali ceil a cation-exchange 
membrane is positioned t>etween an anode and an adjacent cathode. Where an aqueous alkali metal 

20 chloride solutfon is electrolysod In an electrolytic cell of this type the solution is charged to tiie anode 
compartments of tfie cell and chlorine produced in the electrolysis and depleted alkali metal chloride 
solution are removed from the anode compartments, hydrated alkali metal ions are transported across tiie 
membrane from tiie anode compartments to the catiiode compartments of the cell to which water or dilute 
alkali metal hydroxide solution Is charged, and hydrogen and alkali metal hydroxide solution produced by 

25 the reaction of alkali metal Ions witii water are removed from tiie cathode compartments of ttie cell. 

Although many organic polymeric materials have been proposed for use as membranes in such ch tor- 
alkali cells poriluoroorganic polymeric materials containing ion-exchange groups, particulariy fixed sulphonic 
and carboxylic groups, have found favour In such cells in recent years on account of the chemical stability 
of perfluoroorganic polymeric materials in the corrosive chemical environment encountered In such cells, 

JO particularly chemical stability to wet chlorine and to chlorine-containing aqueous alkali metal halide solution 
and aqueous alkali metal hydroxide solution, which may .typically be at temperatures in tiie region of 90* 0. 

An example of a perfluoroorganic polymeric material containing Ion-exchange groups is tiie perfluoroor- 
ganic polymer containing sulphonic groups described In QB patent 1034197. The perfluoroorganic polymer 
may. for example, contain units having the sti'uctures 



where R| Is fluorine or a perfluoroalkyl group having from 1 to 10 carbon atoms, e.g. a perfluorcmethy! 
group, n is 1, 2 or 3, Y is fluorine or a trifluonomethyl group, and M is fluorine, a hydroxyi group, an amino 
group, or a group having the formula -O Met where Met Is an alkali metal or a substituted or an 
unsubstituted ammonium group. The application of such a perfluoroorganic polymer as an ion-exchange 
membrane in a chlor-alkali cell Is described in QB Patent 1402920. Ion-exchange membranes containing 
such perfluoroorganic polymers are sold under the trade name 'Nafion' by E I DuPont de Nemours Inc. In a 
preferred perfluoroorganic polymer of the above structure Y Is CFa. n Is 1 and R( is F. 

A further example of a perfluoroorganic polymeric material containing Ion-exchange groups Is the 
perfluoroorganic polymer containing cartDOxylic groups described, for example, in GB Patents 1516043 and 
1518387. Examples of such perfluoroorganic polymers include copolymers of tetrafluoroethylene and 
CFj - CF O CFa CFa CFj COX. 



-CFj-CPj- 



and 



-CF,-CF- 
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CFj ' CF 0 CFj CF (CFa) 0 CFj CFj CFj COX, 



2 



EP 0 345 964 A1 



CF2 - CF O (CF2)a O CF (CF3) COX. 
CF2 - CF 0 (CF2)* 0CF{CF3) COX, and 
CFa - CFO CF2 CF(CF3) OCF2 CF2COX 

where X l«, for example, fluorine, a hydroxyl group, an oxyalkyi group, or a group having the formula DM. 

fl where M ii an alkali metai or a quaternary ammonium group, ion-exchange membranes containing such 
perfluoroorganic polymers are sold under the trade name 'Flemion' by Asahl Glass Co Ltd. 

Many different types of perfluoroorganic polymeric materials and combinations thereof for use as ion- 
exchange membranes in chior-alkali cells have been proposed and those refen*ed to above have been 
referred to merely by way of example. Furthermore, the ion-exchange menibranes which have been 

fo proposed have taken a variety of different forms. For example, the ion-exchange membrane may be in the 
form of a multi-layer laminate of whk:h many examples have been described. Thus, in published Japanese 
Patent Application 88 004918 there Is described a multi-layer laminated cation-exchange membrane which 
comprises at least two layers and which Includes an 80 to 300 micron thick first layer of a perfluorocartxin 
polymer having carboxylic ion-exchange groups and an Ion-exchange capacity of 0.9 to 1.6 meq/g of dry 

19 resin and a 5 to 50 micron thick second layer of a perfluorocarbon polymer having sulphonic ion-exchange 
groups and an ion-exchange capacity of 0.5 to 1.5 meq/g of dry resin. Published Japanese Patent 
Application 84 124524 describes an ion-exchange membrane which is reinforced with perfiuoropoiymer 
fibres, and It specifically describes a leno cloth of poiytetrafluoroethylene yarn laminated with a film of a 
copolymer of tetrafluoroethylene and CF2 =»CFO (CFa)3COOCH3. Ion-exchange membranes have also been 

30 described which comprise a blend of fluoropolymers which contain different ion-exchange groups. For 
example, published Japanese Patent Application 87 53341 describes a laminate of a 110 to 300 micron 
thick film of a blend of a fluoropolymer containing sulphonic groups and a fluoropolymer containing 
carboxylic groups and a 5 to 75 micron thick film of a fluoropolymer containing carboxylic groups. Ion- 
exchange materials have also been described which are a blend of fluoropolymers containing k)n-exchange 

25 groups and fluoropolymers which do not contain ion-exchange groups. For example in USSR patent 442190 
there Is described a blend of njbber-IIke fiuorocopolymer and a tetrafluoroethyiene-perfIuoro-2(2-fIuo- 
rosulphonylethoxy)- propylvinylother copolymer. In an example powdered^ sul phony lethoxy copolymer Is 
added to a vinylldene fluoride-perfluoro-(methylvinyl) ether copolymer at 60* C and then mixed on rollers to 
form a film. 

30 The present invention relates to an organic polymeric material, and to an Ion-exchange membrane 
produced therefrom, which comprises a blend of at least one polymeric material which contains ion- 
exchange groups or groups convertible thereto and at least one polymeric material which is substantially 
free of ion-exchange groups. The invention is based on the observation that the blend of organic polymeric 
materials, when used in the form of an ion-exchange membrane Is particularly effective In preventing 

35 hydraulic transfer of electrolyte between the anode compartments and the cathode compartments of an 
electrolytic ceil In which the membrane is Installed, when compared with the perfonnance of a membrane 
made solely from the polymeric material which contains ion-exchange groups or groups convertible thereto. 
The ion-exchange membrane made from the blend of polymeric materials is thus particularly effective in 
ensuring production of a high purity product of electrolysis. For example, when the ion-exchange membrane 

4c Is Installed in an electrolytic ceil In which aqueous alkali metai chloride solution is electrolysed it is found 
that the concentration of chloride ion in the alkali metal hydroxide solution which is produced in the cathode 
compartments of the cell is very low, and in particular is substantially less than is the case where the ion- 
exchange membrane which is used does not comprise a polymeric material which is substantially free of 
Ion-exchange groups. Furthermore, the presence of the latter polymeric material in the blend, and in the 

46 ion-exchange membrane produced therefrom, has a beneficial effect on many of the physical and 
mechanical properties of the polymeric material and of the membrane, and It may also serve to cheapen 
the polymeric material and the ion-exchange membrane, depending of course on the choice of polymeric 
material which does not contain ion-exchange groups and on the proportion thereof in the blend. 

According to the present invention there is provided a homogeneous blend of organic polymeric 

50 materials which comprises from 5% to 95% by weight of at least one fluoropolymer which contains ion- 
exchange groups or groups convertible thereto and from 95% to 5% by weight of at least one 
fluoropolymer which is substantially free of Ion-exchange groups or groups convertible thereto. 

By homogeneous blend there is meant an intimate mixture such as may be formed, for example, by 
melt blending the fluoropolymers. that is by mixing the fluoropolymers at or above a temperature at which 

53 both fluoropolymers are in a fluid/molten state, or by blending the fluoropolymers in a solvent in which both 
fluoropolymers are soluble, and thereafter separating the blend of fluoropolymers from the solution. A 
homogeneous blend of the type of the present invention is not formed for example merely by forming a 
mixture of the solid fluoropolymers in particulate form. Nor is a homogeneous blend formed, for example, 
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by adding one fluoropolymer In a solid particulate form to a band of an elastomeric fluoropclymer formed 
on the noils of a twirwoil mill under conditions where the former fluoropolymer remains in solid particulate 

tomi. 

In the homogeneous blend of the present invention at least one of the fluoropolymers contains lon- 
5 exchange groups or groups convertible thereto. As will be described In more detail hereafter groups of the 
latter type are groups which are not themselves capable of effecting ior>-exchange but which may be 
converted e.g. by hydrolysis, to groups which are capable of effecting ion-exchange. For simplicity, and 
unless the context dictates otherwise, both of these types of group will be refenred to hereafter as ion- 
exchange groups- 

70 In the homogeneous blend at least one of the fluoropolymers Is substantially free of Ion-exchange 
groups. Whilst this latter fluoropolymer may contain no ion-exchange groups it would be unduly limiting on 
the scope of the invention to specify that this fluoropolymer necessarily does not contain any ion-exchange 
groups. However, the proportion of such groups. If any, In the fluoropolymer. is very small such that the 
fluoropolymer alone is effectively not capable of acting as an ion-exchange material. For example, the 

75 fluoropolymer may be entirely free of ion-exchange groups or, ff such groups are present, they may be 
present in an amount of less than 0,2 milliequivalents (meq) of such groups per gram of dry fluoropolymer. 

The homogeneous blend of fluoropolymers of the Invention will have many applications but die major 
applications will be those in which use is made of the ion-exchange properties of the blend. However, the 
homogeneous blend is not limited to use as an ion-exchange material and the blend may be used as a 

20 plastic material, and depending on its properties, as an elastomeric material. 

The beneficial effect which results from use of the homogeneous blend as an ion-exchange membrane, 
namely the production of high purity products of electrolysis, and the beneficial effect on the physical and 
mechanical properties of the polymeric material and of the ion-exchange membrane, are dependent to 
some extent at least on tiie relative proportions of tiie fluoropolymer which contains ion-exchange groups 

25 and of the fluoropolymer which is substantially free of ion-exchange groups in the homogeneous blend, and 
specific benefldal effects may be produced, or may be optimised, by use of particular proportions of these 
fluoropolymers. Specific physical and mechanical properties of a fluoropolymer containing ion-exchange 
groups, and of a membrane produced therefrom, which may be modified by inclusion of a fluoropolymer 
which is substantially free of ion-exchange groups in the homogeneous blend include increased tear 

30 strength (see Example 3). increased elastic modulus, elongation at break and toughness (Example 4). 
reduction in swelling of a membrane when contacted with an electrolyte thus at least reducing the 
undesirable wrinlding of the membrane which may take place on contact with an electi'olyte (Example 5). 
modification of the melt viscosity of the homogeneous blend so tiiat it is possible to match the melt 
viscosity of the homogeneous blend with that of a different polymeric material, e.g. a different fluoropolymer 

35 containing ion-exchange groups, witii which it may be desired to co-process, e.g. co-extrude, the blend thus 
facilitating the co-processing (Example 6), and inaeased strengtii of the bond between laminated sheets 
produced from homogeneous blends (Example 7). Specific physical and mechanical properties of a 
fluoropolymer which Is substantially free of Ion-exchange groups which may be modified by inclusion of a 
fluoropolymer which contains ion-exchange groups In the homogeneous blend include Increased surface 

40 wettability (see Example 8), reduced thermal aeep, and modified melt viscosity which may aid co- 
processing with a different polymeric material. 

A major application of the homogeneous blend is as an ion-exchange membrane, or as a part tfiereof, in 
which the blend is in the form of a sheet or film or is in ti^e fomn of one or more of the layers of a sheet or 
film which itself comprises a plurality of layers. 

45 Application of tiie homogeneous blend as an ion-exchange membrane will depend inter alia on tiie 
proportion of fluoropolymer containing ion-exchange groups in tiie blendes will be discussed hereafter. 

The homogeneous blend of fluoropolymers may be in tiie form of a sheet or film having a thickness in 
the range of for example 50 to 500 microns, or it may be in ttie loan of a layer of thickness in the range for 
example 25 to 250 microns, or 1 to 25 microns if cast from a solution of tiie blend, in a membrane which 

so itself is in the form of a sheet or film comprising a plurality of layers. 

In a further embodiment of the invention there is provided an electrolytic cell which comprises at least 
one anode and at least one cathode in which each anode and adjacent cathode are separated by an ion- 
exchange membrane which comprises a homogeneous blend of fluoropolymers of the Invention. The 
electrolytic cell may. for example, be of the monopolar or bipolar type and it may take a variety of forms. 

55 A large number of different types of membrane electrolytic cells have been described and are well- 
known in the art and the precise construction of the electrolytic cell does not form part of the present 
Invention. Indeed, as such electrolytic cells are well-known further description is not necessary. 

The homogeneous blend of fluoropolymers may be prepared in a variety of different ways provided that 
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th© required homogeneous blond Is produced. However, a preferred method of producing the homogeneous 
blend Is by melt-bler>dlng of the fluoropolymers. arxJ thus it is preferred that both the fluoropolymer 
containing ion-exchange groups and the fluoropolymer Yvhich is substantially free of ion-exchange groups 
are capable of being melted to a liquid state. A homogeneous blend of ttie fluoropolymers could not be 

5 formed by melt blending if one or iDOth of the polymers was not capable of being melted. The melt-blending 
may be effected by any suitable plastics processing techniques, for example, by forming a mixture of the 
solid fluoropolymers, charging the mixture to an extruder, preferably to a screw extruder, heating the 
mixture in the extruder to a temperature at which both fluoropolymers are fluid/molten, and extruding the 
mixture from the extaider through a suitably shaped die. Increasing homogeneity of the blend may be 

TO achieved by repeated extrusion of the blend. As the fluoropolymers may tend to be thermally unstable, 
particuiarly at temperatures which are substantially above the optimum melt processing temperatures of the 
fluoropolymers, it is prefemed that the fluoropolymer containing ion-exchange groups and the fluoropolymer 
which is substantially free of ion-exchange groups have optimum^ melt processing temperatures which differ 
by not more than 150* C, more preferably by not more than 100* C. K is preferred that the melting points of 

75 the fluoropolymers differ by not more than 150* C, more preferably not more than 100* C. 

The homogeneous blend of fluoropolymers may be formed by dissolving both fluoropolymers in a 
common solvent and depositing the blend from the solution, for example by casting the solution Into a film 
and causing or allowing the solvent to evaporate, or by mixing the solution with a non-solvent for the 
fluoropolymers. The solvent may be a mixture of two or more different liquids and the selection of a suitable 

20 solvent will of course depend on the nature of the fluoropolymers which it is desired to fonm into a 
homogeneous blend. 

The homogeneous blend may be produced by blending the fluoropolymers in the form of an emulsion 
of the fluoropolymers in a liquid medium and separating the blend by coagulation. The thus formed blend 
may then, for example, be formed into a membrane by melt-processing techniques 

25 It is preferred that one or other, and more preferably both, of the fluoropolymer containing ion-exchange 
groups and the fluoropolymer which is substantially free of Ion-exchange groups are perfluoropolymers, as 
a homogeneous biend of such perfluoropolymers has a superior resistance to chemical attack by the 
chemical media with which the homogeneous blend may come into contact during use. For example, where 
the homogeneous blend is used in the fonm of an ion-exchange membrane in a chlor-alkall cell a 

30 homogeneous blend of perfluoropolymers has Increased resistance to chemical attack by the wet chlorine, 
by the chlorine-containing aqueous alkali metal halide solution, and by the aqueous alkali metal hydroxide 
solution in such a cell. 

The fluoropolymer which contains kxi-exchange groups may contain fixed cationic groups, that Is 
catlonic groups linked to the fluoropolymer. and an associated anion, in which case the fluoropolymer will 

06 be an anion-exchange material. Alternatively, the fluoropolymer may comprise fixed anionic groups and an 
associated cation in which case \he fluoropolymer will be a cation-exchange material. Materials of tiie latter 
type are generally more useful. It is also possible that the fluoropolymer may comprise both flxed catlonic 
and flxed anionic groups, and associated anfons and cations respectively, such tiiat tiie fluoropolymer will 
•function both as an anion-exchange malerial and as a cation-exchange material. 

40 Suitable cation-exchange groups, including groups convertible thereto, include groups of tiie sulphonic, 
carboxylic and phosphonic typo. 

For example, the group may have the structure -SOzX where X is OM ar>d where M is H, or alkali 
metal, eg. sodium or potassium, or an ammonium or quatemary ammonium group. Alternatively, X may be 
hatogen, e.g. fluorine. In which case the group - SOzX is not itself capable of ion-exchange. The latter group 

45 may be hydrolysed in order to convert it to a group which is itself capable of effecting ion-exchange. The 
group may have ttie structure -COY where Y Is OM and where M is H, or alkali metal, eg. sodium or 
potassium, or an ammonium or quatemary ammonium group. Alternatively, Y may fc>e halogen, eg. fluorine, 
or it may be an oxyaJkyI group, in which case tiie group -COY is not itself capable of effecting ion- 
exchange. The latter group may be hydrolysed in order to convert it to a group which is Itself capable of 

50 effecting ion-exchange. Another suitable group whk:h may be converted to an ion-exchange group, e.g. by 
hydrolysis, Is the group -CN. Where the fluoropolymer containing ion-exchange groups is to be melt 
processed care may need to be exercised in selection of the Ion-exchange groups on tiie fluoropolymers. 
Thus fluoropolymers containing groups -SO2X where X Is halogen, particularly F. are readily melt 
processable whereas in the case where X Is OM and M is hydrogen or alkali metal tiie fluoropolymer is not 

66 as readily melt processable. Where the fluoropolymer contains ion-exchange groups -COY Y is preferably 
hatogen or oxyalkyi in the case where the fluoropolymer is to be melt processed. 

Suitable anion-exchange groups, or groups convertible tiiereto, include a group comprising quatemary 
ammonium, e.g. a group -N(alkyl)4X where X is a halogen, eg. -CH2N(CH3)3*CI" and tiie group -CH2-NH- 
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CH2CH2N(CHa)3*Cr , or the corresponding groups which are convertible to ammonium groups, that Is 
-CH2N(CH3)2 and -CH2-NH-CH2CH2-N(CH3)2. Many different types of fluoropolymer containing ion-ex- 
change groups have been described. The fluoropolymer may be a copolymer of a fluoro-olefine. e.g. 
tetrafluoroethyleoe, and an ethylenically unsaturated fluorine-containing monomer which contains an ion- 
5 exchange group. The latter ethylenlcaily unsaturated monomer may have the structure 
CFj » CF-A-Z 

where A is a direct link or a divaient group and Z Is or comprises an Ion-exchange group. The group A may 
be an allcylene group, for example -(CF2)n, where n Is an integer, or such an alkylene group in which one or 
more of the fluorine atonrw are substituted by alkyi groups. The group A may be an oxyaOcyiene group, for 
10 example a group [0(CF2) J « where n and m are Integers, which may be the same or different, and in which 
n is generally 2 and m is generally 1 to 3. or the latter group in which one or more of the fluorine atoms are 
sut>stituted by alkyI groups, for example, fluoroalkyi groups, e.g. perfluoroalkyl groups. Where m is more 
than 1 the values of n in the separate groups -0(CF2)rt- may be the same or different Merely by way of 
example the divaient group may be 

15 O CF2 CF2- 

-O CF2 CF2 CF2- 
-0 CF2 CF (CFj) 0 CF2 CF2 CF2- 
-O (CF2>3 0 CF (CFj>- 
-0 {Ofzh 0CF(CF3)- 
20 -0 CF2 CF(CFj) OCF2 CF2- 

The homogeneous blend of the invention may contain more than one fluoropolymer containing ion- 
exchange groups, ar)d the latter fiuoropolymers may contain ion-exchange groups which are the same or 
different. 

A very large number of fiuoropolymers containing Ion-exchange groups have been described in recent 
26 years and. within the general constraints hereinbefore refenred to. the fluoropolymer containing Ion- 
exchange groups in the homogeneous blend of the invention may be any one or more suitable such 
fiuoropolymers. 

The homogeneous blend of the invention comprises one or more fiuoropolymers which are substantially 
free of ton-exchange groups. Examples of suitable such fiuoropolymers include fluorinated ethylene- 
30 propylene copolymer, a copolymer of tetrafluoroethylene and hexafluoropropylene. polyvinylidene fluoride, 
an ethylene-tetrafluoroethylene copolymer, and a tetrafluoroethylene-perfluorinated alkyi vinyl ether 
copolymer. 

In the homogeneous blend of the Invention It is clearly desirable that where the blend is to be used as 
an ion-exchange material the blend should have an ion-exchange capacity which is sufficiently high that the 

36 blend can act as an ion-exchange material. The ion-exchange capacity of the homogeneous blend will be 
governed by the ion-exchange capacity of the fluoropolymer containing ion-exchange groups which is 
present in the blend and the proportion of the latter fluoropolymer in the blend. 

TTie fluoropolymer containing Ion-exchange groups may, for example, contain as little as 0.5 meq of 
ion-exchange groups per gram of dry fluoropolymer, or as much as 8 meq q~\ Where the ion-exchange 

40 capacity of the fluoropolymer containing ion-exchange groups is low the homogeneous blend should contain 
a substantial proportion of this fluoropolymer if the homogeneous blend Is Itself to have an acceptable ion- 
exchange capacity. On the other hand, where the lon-exchango capacity of the fluoropolymer containing 
ion-exchange group is high then the homogeneous blend may itself have an acceptable ion-exchange 
capacity even where the blend contains only a low proportion of the latter fluoropolymer. It is prefenred. 

46 where the homogeneous blend is to be suitable for use In ion-exchange applications, that the blend has an 
ion-exchange capacity In the range 0.5 to 5.0 meq g~\ more preferably In the range 0.6 to 2.0 meq g~\ 

The homogeneous blend may contain, for example, from 15% to 95% by weight of at least one 
fluoropolymer which contains ion-exchange groups and from 85% to 5% by weight of at least one 
fluoropolymer which is substantially free of Ion-exchange groups. However, the proportions of these 

50 fluoropolynws In the homogeneous blend will depend to some extent on the Intended use of the blend. For 
example, where the homogeneous blend is to be used as an ion-exchange membrane in an electrochemical 
cell the membrane must not only have an acceptable ton-exchange capacity it must also be sufficiently 
electrically conductive when used as a membrane. For this latter reason it is preferred that tiie homo- 
geneous blend when in ttie form of an Ion-exchange membrane, comprises at least 40% by weight of at 

56 least one fluoropolymer which contains Ion-exchange groups, more preferably at least 60% by weight, and 
correspondingly not more than 60%, more preferably not more than 40%. by weight of at least one 
fluoropolymer which is substantially free of ion-exchange groups. 

On the other hand, where the homogeneous blend is to be used in an application other than as an lon- 
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exchange membrane, the blend may comprise a proportion of the fluoropolymer which is substantially tree 
of ion-exchange groups near the upper end of the range 5% to 95% by weight although the proportion of 
this latter fluoropolymer will depend on the particular intended use of the blend. 

In general the proportions of fluoropolymer containing ion^xchange groups to fluoropolymer substaiv 
9 tlally free of ion-exchange groups in the homogeneous blend will vary over a range 20% to 80%:80% to 
20% by weight 

If desired the homogeneous blend of the invention, particularly when In the form of a sheet or film 
suitable for use as an ion-exchange membrane, may be reinforced, e.g. with a net or mesh or fibrils of a 
tUioropolymer. e.g. of polytetrafluoroethylene or of tetrafluoroethylene-hexafluoropropylene copolymer. 
70 The Invention Is Illustrated by the following examples. 



Example 1 



70 



Production of Fluoropolymer containing Ion-exchange Groups. 



A 5 litre capacity autoclave was evacuated and charged with 2.51 of deioniaed water, 14.3g of 
ammonium perfluorooctanoate, and 400g of a perfluorovinyl ether having the structure 

20 CF2-CF-0CF2CF{CF3)-O-CF2CF2-S02F. 

The autoclave was purged with nitrogen, the contents of the autoclave were thoroughly agitated, 2.6g of 
ammonium persulphate Initiator as a solution in 100 ml of delonised water were added to the emulsion 
which had been fornied by agitation, and the autoclave was re-evacuated. Tetrafluoroethylene gas was 
charged to the autoclave up to a pressure of 8 bar g. the autoclave was heated to 70 C. and further 

2$ tetrafluoroethylene was added to maintain the pressure at 7 bar g. After 1.5 hours agitation was stopped, 
the autoclave was vented, and the contents of the autoclave were cooled and removed. The resultant 
emulsion of fluoropolymer was allowed to stand and was then separated from unreacted perfluorovlnylether. 
the fluoropolymer was coagulated by cooling the emulsion to a temperature of -30 C, the fluoropolymer 
was isolated by filtration and the fluoropolymer was washed with delonised water, and then dned in vacuum 

30 at 70 * C and recovered In powder form. 

A portion of the dried fluoropolymer powder was pressed at 230 C into the form of a clear film and the 
film was then Immersed in a mixture of 75 ml of 32% by weight aqueous sodium hydroxide solution and 25 
ml of methanol at 70* C for 16 hours in order to hydrolyse the groups -SO2F to -SOaNa. The proportion of 
the groups -SOaNa in the film was estimated by titration. The equivalent weight of the fluoropolymer 

36 containing the groups -SOiNa In the film was 1230 (ion^xchange capacity 0.81 meq g"^). and thus the 
equivalent weight of the nuoropolymer containing the groups SOzf was also 1230, which con-esponds to a 
copolymer containing 64% by weight of units derived from tetrafluoroethylene and 36% by werght of units 
derived from the perfluorovinyl ether. 



40 
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Production of Fluoropolymer Blend 

75g of a fluoropolymer as produced above In powder form, and 75g of a copolymer of 
tetrafluoroethylene and hexafluoropropylone (Teflon FEP100 made by E! Du Pontde Nemours Inc) in the 
form of 2mm long by 2 mm diameter chips were mixed and agitated and charged to a screw extruder, 
heated in the barrel of the extnjder, to a temperature of 320 ' C, and extruded through a 2 mm diameter die 
which was heated to a temperature 300* C. The extrudate was cut into 3 mm lengths and re-extruded under 
the same conditions, and the cutting and extrusion procedure was repeated once more except that in this 
final extrusion the temperature of the die was 313 C. 

The fluoropolymer blend extrudate was cut Into 4 mm lengths and charged to a compression mould, 
heated to 280* C over a period of 5 minutes, pressed at this temperature, and finally cooled to ambient 
temperature over a period of 5 minutes. A clear and smooth micron thick film was removed from the mould 

(Membrane A). ^ r. • * 

The -SO2F groups in the film were hydrolysed to -SOaNa groups by immersing the filni in a mixture of 

75ml of a 32% by weight aqueous sodium hydroxide solution and 25ml of methanol at 70 C for 16 hours. 

After removal from the solution the film was washed in deionised water and dried. The equivalent weight of 

the the fluoropolymer blend of the film was 2400 (ion-exchange capacity 0.42 meq g"'). 

A second film was produced by compression moulding following the above procedure except that the 
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film had a thickness of t40 microns (Membrane B). 



Example 2 

9 

Production of Fluoropolymer containing lon'exchange Groups 

A fluoropolymer containing ion-exchange groups was produced following the procedure described in 
10 Example 1 except that IS.Og of ammonium perfluorooctanoate were used and the equivalent weight of the 
fluoropolymer which was produced was 940, (Ion-exchange capacity 1.06 meq g"0. corresponding to a 
copolymer containing 53% by weight of units derived from tetrafluoroethylene and 47% by weight of units 
derived from the perfluorovinyl ether. 

15 

Production of Fluoropolymer Blend 

The procedure of Example 1 was followed except that 149g fluoropolymer produced as described 
above and. In place of the tetrafluoroethytene-hexafluoropropylene copolymer of Example 1. 149g of 
30 polyvinylldene fluoride (Solef PVdF 1008 made by Solvay) were used, resultant mixtures where extaided 
twice, the temperatures of the barrel of the extruder were 240* C and 210* C, and the die temperatures of 
the extruder were 240* C and 200* C In the first and second extrusions respectively, and in producing a film 
by compression moulding a temperature of 180* C was used. 

The equivalent weight of the fluoropolymer blend of the film was 1900 (ion-exchange capacity 0.53 nr^ 
as g-'). 



Fluoropolymer Blends as Ion-exchange membranes. 



30 Evaluation was carried out in an electrolytic cell equipped with a titanium mesh anode the surface of 
which had a coating of a solid solution of 35% by weight Ru02 and 65% by weight TiOz. and a nickel 
cathode comprising a series of parallel vertlcai blades, the fluoropolymer film being positioned as a 
membrane between the anode and cathode and in contact therewith. In the evaluation an electrolyte of a 
saturated aqueous solution of either sodium chloride or potassium chloride was charged continuousiy to the 

35 anoda compartment of tiie cell and water was charged continuously to the cathode compartment of the cell 
and chlorine and depleted solution were removed continuously from the anode compartment and hydrogen 
and a 20% by weight aqueous solution of either sodium or potassium hydroxide were removed continuously 
from the cathode compartment The cell temperature was maintained at 88*C and electrolysis was 
conducted at a constant current density of 3kAm~^. 

40 Results of the evaluation in tfie electrolytic cell of tiie membranes designated A and 8, and for the 
purposes of comparison, results of the evaluation of three membranes outside the scope of the invention 
are given In the accompanying Table 1 . 

45 



so 



55 



8 



EP 0 345 964 A1 



TABLE 1 



• 



^ar*tf nlutfl 


1*1 > of m 


Efficiency* % 


Cell 
Voltage 
Volts 


KOH) solution ppm (w/v) 


i>/uiauun \j\ 

Electrolysis days 


NaCI 


A 


57 


3.4 


70 


60 


NaCI 


B 


64 


3.9 


15 


30 


NaCI 


Comparison 1 


84 


Z2. 


>200 


60 


NaCI 


Comparlaon 2 


72 


Z2. 


>200 


60 


Ka 


A 


93 


4.5 


1 


10 


KCI 


Comparison 3 


93 


3.9 


20 


30 



a. For production of 20% by weight NaOH or KOH. 

Comparison 1 , 230 micron thick film produced from a fluoropolymer containing Ion-exchange groups 
produced as described In Example 1. 

Comparison 2. 120 micron thick film produced from a fluoropolymer containing ion-exchange groups 
produced following the procedure as described in Example 1 and having an equivalent weight of 1490. 
Comparison 3. 230 micron thick film produced from a fluoropolymer containing ron-exchange groups 
produced following the procedure as described In Example 1 and having an equivalent weight of 1340. 



These results indicate that use of a blend of a fluoropolymer containing ion-exchange groups and a 
fluoropolymer which does not contain ion-exchange groups as an Ion-exchange membrane results in much 
Improved chloride Ion rejection during the electrolysis of aqueous alkaii metal chloride solution. 



Example 3 

The polymerisation procedure of Example 1 was followed to produce a copolymer of tetrafluoroethylene 
and CFa •CF-OCF2CF(CF3)OCF2CF2S02F having an equivalent weight of the groups -SO2F of 1150. 

The blending procedure of Example 1 was followed to produce three blends {A, B and C) of, 
respectively. 75g, 60g and 50g of the copolymer referred to above and 25g, 40g and 50g of the copolymer 
of tetrafluoroethylene and hexaf1uoropropyler>e as used In Example 1, and each blend was compression 
moulded Into a film of thickness approximately 200 microns at a temperature of 225 'C for samples A and 
B and at a temperature of 240 * C for sample C. 

For the purposes of comparison films of the copolymer of tetrafluoroethylene and CF2 =CF-OCF2CF- 
(CF^)0CFaCFaS0aF (D) and , of the copolymer of tetrafluoroethylene and hexafluoro propylene (E) of 
approximate thickness 200 microns were also produced by pressing at 210* C and 280* 0 respectively. 

Sixteen specimens were then cut from each of the films and of these specimens eight were subjected 
to the hydrolysis treatment of Example 1 except that the treatment was effected for 90 hours. 

The tear strength of each of the specimens was then measured following the procedure of BS 2782 
method 360 B 1980 except that the test specimens cut from the films had a length of 51 mm and a width of 
7 mm and the lengthwise cut in the specimens had a length of 47 mm thus forming two "legs* on each 
specimen. The thickness of each specimen was measured and the "legs" of each specimen were damped 
in a tensile testing machine and separated at a rate of 50 mm min~' in order to propagate the cut in each 
specimen. 

For each specimen the ultimate tear strength defined as the maximum force required to propagate a 
tear divkjod by the specimen thickness, and the average tear strength defined as the average force 
required to propagate a tear divided by the specimen thickness was measured. The tear strengths quoted 
in table 2 are average values determined from the specimens cut from each of the films. 
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TABLE 2 



Sample 


Tear Strength Nmm"^ 


Ultinnata 


Average 


U 


H 


U 


H 


A 


ll0,3 


2.6 


0.1 


1^ 


B 


13.9 


2.95 


12.3 


2-2 


C 


18.4 


8.3 


16.7 


7.4 


D 


9.9 


1.8 


8.6 


1.3 


E 


21.4 


212 


18.5 


17.9 



U » unhydrolysed specimen 

H « specimen subjected to hydrolysis 

treatment 



Example 4 

The procedure of Example 3 v*^as followed to produce films of blends of. respectively, 50g. 20g and 10 
of a copolymer of tetrafluoroethylene and CF2 =» CF0CF2CF(CF3)0CF2CF2S02F and 50g, 8Cg and 90g of 
the copolymer of tetrafluoroethylene and hexafluoropropylene (A, B and C), except that the copolymer 
containing -SOjF groups had an equivalent weight of these latter groups of 1230. Rims of the copolymer 
containing -SOiF groups (D) and of the copolymer of tetrafluoroethylene and hexafluoropropylene (E) were 
also produced. 

Sixteen specimens were then cut from each of the films and of these specimens eight were subjected 
to the hydrolysis treatment of Example 1 except that the treatment was effected for 90 hours. 

The tensile modulus, elongation at break, and toughness of each of the specimens was then measured 
following the procedure of BS 2782 part 3 method 326 B 1980 except that the "dumbell" shaped test 
specimens cut from the filnr^s had a neck of length 22 mm and a width of 5 mm. The mean thickness of 
each specimen was measured and the specimens were fastened in the grips of a tensile testing machine 
and the grips separated at a rate of 50 mm/mln. 

The average values of elastic modulus, elongation at break, and toughness of each specimen, defined 
as follows, were determined 



Elastic 


Slope of the tangent to the stress-strain curve at low 


modulus 


elongations. 


(MPa) - 




Elongation 


The efongation at break produced in the neck 


at break 


expressed as a percentage of the original neck 


(%) 


length. 


Toughness 


The area under the stress-strain curve. 


(MPa) 





Results are given in the following table 3 
U a Unhydrolysed specimen 
H « Specimen subjected to hydrolysis treatment 
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TABLE 3 



6 



W 



Sample 


Elastic Modulus 


Qongat'on at 


Toughness MPa 




MPa 


braak % 








U 


H 


U 


H 


U 


H 


A 


123.6 


239.5 


270 


101 


33 


15.4 


B 


319.6 


332.1 


285 


246 


39.3 


34.1 


C 


357.7 


332.5 


284 


274 


40.6 


38.9 


D 


32.2 


230 


270 


77 


25.3 


14.7 


E 


382 


353.4 


257 


245 


39.2 


37.2 



15 

Example 5 

The procedure of Example 3 was followed to produce films of blends, of respectively, 75g, 60g arxJ 50g 
of a copolymer of tetrafluoroethylene and CF2 - CFOCF2CF(CF3)OCF2CF2S02F and 25g, 40g and 50g of 
20 the copolymer of tetrafluoroethylene and hexafluoropropytene (A. B and C), except that the copolymer 
containing -SO2F groups had an equivalent weight of 1150, and films of the copolymer containing -SO2F 
groups (D) and of the copolymer of tetrafluoroethylene and hexafluoropropylene (E). 

Each of the films had a thickness of approximately 100 microns. 

120 mm X 120 mm samples of each of the films were then subjected to the hydrolysis treatment of 
25 Example 1. except that the treatment was effected for 24 hours, and the hydrolysed and dried samples 
were then soaked in 322 weight % aqueous NaOH solution for 24 hours at 70*C. The dimensions of each 
of the samples was measured after the hydrolysis treatment (result X) and after soaking in aqueous NaOH 
solution (result Y) and in each case the percentage increase in length of one side of each sample when 
compared with the same side of the original sample was detenmined. The results are given in Table 4. 

30 

TABLE 4 



35 



40 



Sample 


% increase in 
length 




X 


Y 


A 


6.7 


6.3 


B 


3.3 


2.9 


C 


1.8 


0 


0 


13 


11 


E 


0 


0 



Example 6 

50 The procedure of Example 3 was followed to produce of blends, of respectively. 90g, 75g. 60g. and 50g 
of a copolymer of tetrafluoroethylene and CF2 = CFOCF2CF(CF3)OCF2CF2S02F and lOg, 25g. 40g and 
50g of the copolymer of tetrafluoroethylene and hexafluoropropylene (A, B, C and D), except that the 
copolymer containing -SO2F groups had an equivalent weight of these latter groups of 1080. The 
polymerisation procedure of Example 1 was followed to produce a copolymer of tetrafluoroethylene and 

55 CF2 « CF OCF2CF(CF3)OCF2CF2S02F having an equivalent weight of 1410 (E). 

The viscosity of each of the samples A to E and of the copolymer of equivalent weight 1080 (F), was 
determined at a temperature of 260 'C on a dynamic viscometer (Rhoometrics Dynamic Spectrometer, 
model 7700) operating In parallel plate mode at an applied strain of 10% at an angular frequency of 
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oscillation of 0.1-500 rad and a shear rate of 100 s"*. 

The viscosity of each of the samples and the variation of viscosity with the proportion of copolymer of 
tetrafluoroethylene-hexaftuoropropylene in the blend is illustrated in Rgure 1 . 

5 

Example 7 

The procedure of Example 1 was followed to produce a copolymer (A) of tetrafiuoroethylene and CF2 = 
CF-OCF2CF (CFajOCFaCFaSOaF having an equivalent weight of 1060. 

10 The procedure of Example 1 was aJso followed to produce a copolymer (B) of tetrafiuoroethylene and 
Of 2 - CF-OCF2 CFC{CF3)OCF2 CF2 SO2F having an equivalent weight of 1410. 

A blend (C) was produced from 75g of copolymer A and 25g of a low viscosity copolymer of 
tetrafiuoroethylene- hexafiuoropropylene copolymer (Teflon FEP TE 9250 made by du Pont) by processing 
the mixture in an extruder at a barrel temperature of 305* C and a die temperature of 270 *C. 

15 A blend D was produced from 75g of copolymer B and 25g of a low viscosity copolymer of 
tetrafiuoroethylene-hexafluoropropylene copolymer (Teflon FEP TE 9250 made by du Pont) by processing 
the mixture in an extruder at a t>an'el temperature of 310* C and a die temperature of 275* C, 

Each of the samples A to D was compression moulded into a 450 micron thick film at a temperature of 
250* C, 270* C, 250* C and 300* C respectively, and 3 inch x 2 inch samples were cut from each film. The 

20 sample of film A was placed face to face with the sample of film 8 with a 1 Inch x 1 inch x 7 micron film of 
a polyimido positioned between the films at the ends thereof, and the films were pressed in a mould at 
235 *C for 240 seconds under a pressure of 225 kg/cm^. these latter conditions having been found by 
experiment to give the strongest bond between the films. Application of pressure laminated films A and B 
together, except at those parts separated by poiyimide film. 

26 The sample of film C was placed face to face with the sample of film D with a 1 inch x 1 inch x 7 
micron film of a poiyimide positioned between the films at the ends thereof, and the films were pressed in a 
mould at 260* C for 240 seconds under a pressure of 225 kg/cm^. these latter conditions having been found 
by experiment to give the strongest bond between the films. Application of pressure laminated films C and 
D together, except at those parts separated by the poiyimide film. 

30 Each of the samples of laminated films was then hydrolysed by immersing the laminated films in an 
aqueous solution 11% by weight of KOH and 30% by weight of dimethyisulphoxide at 90* C for 1 hour, and 
the samples of laminated films were washed in water and dried and the poiyimide film removed. 

The peel strength of each of the laminated films was determined In an Instron machine at a draw speed 
of 200 mm min"'. 

as • The peel sb-ength of the sample of laminated films C and D was 4.4 kg cm~^ whereas that of Uie 
sample of laminated films A and 8 was 3.0 kg cm"'. 



Example 8 

40 

The procedure of Example 3 was followed to produce films of blends of, respectively, lOg and 20g of a 
copolymer of tetrafiuoroethylene and CF2 = CFOCF2CF(CF3)OCF2CF2S02F having an equivalent weight of 
1230, and 90g and 80g of a copolymer of tetrafluoropropylene and hexafiuoropropylene as used in Example 
1. Each of the films (A and B respectively), and a film (C) produced by pressing a sample of the copolymer 

46 of tetrafiuoroethylene and hexafiuoropropylene following the procedure described In Example 3. was 
hydrolysed following the procedure described in Example 1, except that the hydrolysis treatment was 
effected for 48 hours, and the tiius treated films were washed in deionised water and heated at 80 ' C under 
vacuum for 3 hours to dry the films. 

The mean contact angle to deionised water of each of the films was determined using the Sessile drop 

50 technique. The mean contact angle of films A and B was respectively 84 and 81 degrees whereas tfiat of 
film C was 1 01 degrees. 



Example 9 

Several fluoropolymer blends In the form of films were evaluated as Ion-exchange membranes in an 
electrolytic cell in which aqueous sodium chloride solution was electrolysed, following the procedure 
described in Example 2. The results of the evaluation are shown in Table 5. 
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• 



A 

5 

10 

B 

15 
20 

25 Q 

D 

30 E 

35 

40 

F 

45 G 

50 
65 



A 140 micron thick film of blend of 50g of a 
copolymer of tetrafluoroethylene and CF, = 
CFOCFjCP (CF,)0CF3CF,S0jF having an equivalent 
weight of 1230 and 5Gg of a tetraf luoroethylene- 
hexafluoropropylene copolymer as used in Example 
1, The blend was produced and the film was 
hydrolysed following the procedure described in 
Example 1. 

130 micron tliick film of blend of 50g of a 
copolymer of tetrafluoroethylene and 
CF, « CFOCF,CF(CF,)OCF,CFjSO,F having an 
equivalent weight of 1150 and 50g of a 
tetrafluoroethylene- hexafluoropropylene copolymer 
as used in Example 1. The blend was produced and 
the film was hydrolysed following the procedure 
described in Example 1. 
As B above 

As B above except film had thickness of 60 
microns • 

130 micron thick film of blend of 50g of a 
copolymer of tetrafluoroethylene and CF, = 
CFOCFjCF (CF3)0CF,CF,SOjF having an equivalent 
weight of 1080 and 50g of a tetraf luoroethylene- 
hexafluoropropylene copolymer as used in Example 
1, The blend was produced and the film was 
hydrolysed following the procedure described in 
Example !• 

As E above except that film had thickness of 60 
microns . 

A 230 micron thick film of blend of 75g of a 
copolymer of tetrafluoroethylene and CF, « 
CFOCF,CP,CF,COOCH,* having an equivalent weight of 
700 and 25g of a tetraf luoroethylene- 
hexafluoropropylene copolymer as used in Example 
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1. The blend was produced and the film was 
hydrolysed following the procedure described in 
Example 1. 

* Produced by copolymerisation following 
essentially the procedure described in Example 1. 

H 130 micron thick film of a copolymer of 

tetrafluoroethylene and CF, = 
CFOCFjCPCCFjjOCFjCFjSOjF having an equivalent 
weight of 1150 produced and hydrolysed following 
the procedure described in Example 1, 

I As H above. 

J 130 micron thick film of a copolymer of 

tetrafluoroethylene and CF, = CFOCF,CF (CF^ ) OCF, 
CFjSOaP having an equivalent weight of 1080 
produced and hydrolysed following the procedure 
described in Example 1. 

K As J above. 

200 micron thick film of a blend of 90g of a 
copolymer of tetrafluoroethylene and CF, = CF 
OCF, CF(CF3)OCFjCFjS0jF having an equivalent 
weight of 1210 and lOg of a copolymer of 
tetrafluoroethylene and perfluoropropyl vinyl 
ether (PFA 340 - DuPont) . 




Claims 

1. A homogeneous blend of organic polynneric nnateriais which comprises from 5% to 95% by weight of 
at least one fluoropolymer which contains ion-exchange groups or groups convertible thereto and from 95% 
to 5% by weight of at least one fluoropolymer which is substantially free of ion-exchange groups or groups 
convertible thereto. 

2. A homogeneous blend as claimed in claim 1 which is produced by melt-blending of the 
fluoropolymers. 

3. A homogeneous blend as claimed in claim 2 in which the melting points of the fluoropolymers differ 
by not more than 1 00 ' C. 

4. A homogeneous blend as claimed in any one of claims 1 to 3 in which both the fluoropolymer which 
contains Ion-exchange groups or groups convertible thereto and the fluoropolymer which is substantially 
free of ion-exchange groups or groups convertible thereto are perfluoropolymers. 

5. A homogeneous blend as claimed in any one of claims 1 to 4 in which the fluoropolymer which 
contains ion-excharige groups or groups convertible thereto comprises fixed anionic groups and associated 
cations and Is capable of acting as a cation-exchange material. 

6. A homogeneous blend as claimed in claim 6 in which the fluoropolymer comprises sulphonic, 
cartDoxylic or phosphonic groups. 

7. A homogeneous blend as claimed In claim 6 in which the sulphonic group has the structure -SOjX in 
which X is OM. where M is H. alkali metal, ammonium or quaternary ammonium, or in which X is halogen. 
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8, A homogeneous blend as claimed in claim 8 In whicli the carboxylic groups has the structure -COY 
in which Y is OM, where M is H, alkali metal, ammonium or quaternary ammonium, or in which Y Is halogen 
or an oxyalkyi group. 

9. A homogeneous blend as claimed in any one of claims 1 to 8 in which the fiuoropclymer containing 
5 ion-exchange groups or groups convertible thereto is a copolymer of tetrafluoroethylene and an ethyienical- 

iy unsaturated monomer having the structure 
CFa = CF-A-Z 

where A is a direct link or a divalent group and Z is or comprises an ion-exchange or a group convertible 
thereto. 

70 10. A homogeneous blend as claimed in any one of claims 1 to 9 in which the fiuoropclymer which is 
substantially free of wn-exchange groups or groups convertible thereto Is selected from fluorlnated 
ethylene-propylene copoiymer.a copolymer of tetrafluoroethylene and hexafluoro-propylene, polyvtnylidene 
fluoride, a copolymer of ethylene and tetrafluoroethylene. and a tetrafluoroethylene-perfluorinated alkyi vinyl 
ether copolymer. 

76 11. A homogeneous blend as claimed in any one of claims 1 to 10 in which in the fluoropolymer 
containing ion-exchange groups or groups convertible thereto the said groups are present In a proportion of 
0.5 to 8 meq per gram of dry fluoropolymer. 

12. A homogeneous blend as claimed In any one of claims 1 to 11 in which in the blend the ion- 
exchange groups or groups convertible thereto are present In a proportion of 0.5 to 5.0 meq per gram of 

20 dry homogeneous blend. 

13. A homogeneous blend as claimed in any one of claims 1 to 12 which comprises from 15% to 95% 
by weight of at least one fluoropolymer which contains ion-exchange groups or groups convertible thereto 
and from 85% to 5% by weight of at least one fluoropolymer which is substantially free of ion-exchange 
groups or groups convertible thereto. 

25 14. A homogeneous blend as claimed in claim 13 which comprises at least 40% by weight of at least 
one fluoropolymer which contains ion-exchange groups or groups convertible thereto. 

15. A homogeneous blend as claimed in claim 14 which comprises at least 60% of at least one 
fluoropolymer which contains ion-exchange groups or groups convertible thereto. 

16. An ion-exchange nnembrane which comprises a sheet or film of a homogeneous blend as claimed in 
30 any one of claims 1 to 15. 

17. An ion-exchange membrane which comprises a sheet or film having a plurality of layers In which 
one or more layers comprise a homogeneous blend as claimed in any one of claims 1 to 1 5. 

18. An ion-exchange membrane as claimed in claim 16 In which the sheet of film has a thickness in the 
range 50 to 500 microns. 

36 19. An ion-exchange membrane as claimed in claim 17 in which the said one or more layers have 
thicknesses In the range 25 to 250 miaons. 

20. An electrolytic cell which comprises at least one anode and at least one cathode in which each 
anode and adjacent cathode are separated by an ion-exchange membrane as claimed in any one of claims 
18 to 19. 
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